Abstract. Planets form in disks around young stars. The planet formation process may start when the protostar and disk are still deeply embedded within their infalling envelope. However, unlike more evolved protoplanetary disks, the physical and chemical structure of these young embedded disks are still poorly constrained. We have analyzed ALMA data for 13 CO, C 18 O and N2D + to constrain the temperature structure, one of the critical unknowns, in the disk around L1527. The spatial distribution of 13 CO and C 18 O, together with the kinetic temperature derived from the optically thick 13 CO emission and the non-detection of N2D + , suggest that this disk is warm enough ( 20 K) to prevent CO freeze-out.
Introduction
Disks around young stars are the birthplace of planets. The chemical structure of these disks, and thus of the material that will build up the planets, determines planet compositions. In addition, the disk physical structure influences the planet formation process. Therefore, evolved protoplanetary disks (Class II sources) have been intensively studied and are becoming well characterized both physically (e.g. Andrews et al. 2010; Schwarz et al. 2016 ) and chemically (e.g. Thi et al. 2004; Dutrey et al. 2007; Öberg et al. 2010; Huang et al. 2017) . However, grain growth already starts when the protostellar system is still deeply embedded in its natal molecular cloud (Kwon et al. 2009; Miotello et al. 2014 ) and the HL Tau images support the idea that planet formation begins during this class 0/I phase (ALMA Partnership 2015) . Thus, young embedded disks may reflect the true initial conditions for planet formation.
Although several embedded disks are now known (e.g. Tobin et al. 2012; Murillo et al. 2013; Harsono et al. 2014; Aso et al. 2015) , and ALMA enables us to spatially resolve molecular emission from these young disks, their physical and chemical conditions remain unconstrained. One of the critical unknowns is the temperature structure, since this directly influences the volatile composition of the planet-forming material. In regions where the temperature exceeds ∼20 K, CO will be mainly present in the gas phase, while at lower temperatures CO is frozen out onto dust grains. In addition, this CO ice is the starting point for the formation of more complex molecules.
2. Probing the disk temperature structure with 13 CO and N 2 D + We have analyzed our own and archival ALMA data (PIs: Tobin, Koyamatsu, Ohashi, Sakai) and used 13 CO, C embedded disk of L1527. This disk is particularly interesting because its almost edge-on configuration allows for direct probe of the vertical structure. Emission originating in the disk can be isolated from the envelope contribution based on velocity. Comparing the results from a thin disk model (Murillo et al. 2013) with an infall velocity profile to the results from a model including Keplerian rotation in the inner region shows that the emission in the highest velocity channels is solely due to the disk (Fig. 1) . The spatial extent of the 13 CO and C 18 O J = 2-1 emission in these channels suggest that CO is vertically present throughout the disk, including the disk midplane (Fig. 2) . In addition, the ratio of the 13 CO and C 18 O intensities shows that the 13 CO emission is optically thick (τ > 3), and thus traces the kinetic temperature of the gas. The derived temperatures are ∼30-40 K, above the CO freeze-out temperature of ∼20 K (Fig. 2) . In contrast, N 2 H + observations toward several protoplanetary disks have shown that the outer disk midplane becomes cold enough for CO to freeze out (Qi et al. 2013 . The N 2 H + ion traces CO freeze-out because its main destructor is gas-phase CO (Aikawa et al. 2015; van 't Hoff et al. 2017) . The deuterated form of N 2 H + , N 2 D + , is not detected in the L1527 disk, corroborating the observation that CO is present in the gas phase throughout the disk.
Altogether, these preliminary results are in agreement with physical models of embedded disks (Harsono et al. 2014 (Harsono et al. , 2015 and suggest that the young disk in L1527 is warm enough to prevent CO freeze-out.
Conditions in the young disk around L1527 3 Figure 2 . Channelmaps for 13 CO at the largest velocity offsets, that is, channels containing emission from the disk. Blue-and red-shifted channels with the same absolute velocity offset are shown in the same panel, and the velocity offset is shown in the top right corner. The beam is shown in the lower left corner of the first panel. CO freezes out at temperatures below ∼20 K. The observations are taken with ALMA in Cycle 2 (PI: Koyamatsu).
